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The present invention relates to land remediation 
and particularly to processes suitable for the treat- 
ment of soil which is or is suspected to be contamin- 
ated with heavy metals, actinides or compounds 
thereof and the like. 

Published GB 222931 2A by the present appli- 
cants describes an aqueous medium comprising a 
solution which was designed for the purpose of dis- 
solving, to enable separation of, actinides contained 
in so-called Magnox sludge resulting from the long- 
term storage underwater of irradiated nuclear fuel en- 
cased in containers made of Magnox, a magnesium 
alloy: 

The said solution herein referred to as "Solution 
X" is as follows: 

Solution X comprises an aqueous solution which 
is free of heavy metal ions (prior to use thereof) and 
comprises ingredients which are naturally degradable 
to non-toxic products with or without mild physical as- 
sistance such as heat or ultra-violet radiation, said 
solution comprising: 

(a) carbonated water 

(b) a conditioning agent; 

and (c) a complexing agent which comprises the 
anion of a carboxylic acid having from 2 to 6 car- 
bon atoms. 

We have discovered that Solution X unexpected- 
ly and beneficially has other applications. The said 
Solution X may be used in land remediation as fol- 
lows: 

According to the present invention there is pro- 
vided a process for the treatment of material which is 
or is suspected to be contaminated with one or more 
actinides or their radioactive decay products or fis- 
sion products or other heavy metals or compounds 
thereof, which process includes contacting the said 
material with a liquid medium which comprises Solu- 
tion X as defined hereinbefore, wherein the said proc- 
ess is for soil treatment for land remediation and in- 
cludes the steps of removing soil from a site of con- 
tamination or suspected contamination, transporting 
the soil to a treatment plant and washing the soil with 
the said liquid medium thereby dissolving contami- 
nants as complexes in said liquid medium. 

The process according to the present invention 
provides a method of treating soil so that the contam- 
inants contained in soil are leached from the soil by 
dissolution in the said liquid medium comprising Sol- 
ution X thereby restoring the soil to a substantially 
safer condition. The soil treated by the process of the 
present invention may be that obtained from the vicin- 
ity of a nuclear materials processing, storage or other 
nuclear plant orfrom an industrial zone in which heavy 
metals have contaminated the ground. It may also be 
from ground contaminated by application of sewage 
sludge or solids obtained from the dredging of silt or 
mud. 

As stated above, the contaminants to be separat- 



ed from contaminated soil by the process of the pres- 
ent invention include: (i) actinides or their radioactive 
decay products and compounds thereof; (ii) fission 
products; (iii) heavy metals and compounds thereof. 
5 Actinides are elements having periodic numbers 

in the inclusive range 89 to 104. Solution X is partic- 
ularly useful in dissolving plutonium or a plutonium- 
containing mixture of actinides and compounds there- 
of. 

10 The term 'fission product' as used herein refers 

to those elements formed as direct products (or so- 
called 'fission fragments') in the fission of nuclear fuel 
and products formed from such direct products by 
beta decay. Fission products include elements in the 

is range from selenium to cerium including elements 
such as 6eBa, 4oZr and 62 Te &CS and 68 Ce. 

Heavy metals desired to be separated by the 
process of the present invention include toxic metals 
such as chromium, lead, cadmium and mercury which 

20 are commonly found as earth contaminants near in- 
dustrial plants employing chemicals containing those 
elements. 

The contaminants separated by the process of 
the present invention may include a mixture of con- 
25 taminants of the different types described above. 

In Solution X described above the carbonated 
water may comprise C0 3 ~ or HC0 3 " ions in aqueous 
solution. 

The pH of the said aqueous solution comprising 
so Solution X may be in the range 5 to 13, especially 5 
to 9, and may be controlled using a carbonate such as 
sodium carbonate to provide the carbonated solution 
and/or use of another alkaline ingredient. 

Desirably, the said process is one which may be 
35 carried out at a temperature of less than 35°C and 
which gives no toxic or explosive off gases. 

Desirably, the said solution contains no ingre- 
dients, eg nitrates or sulphates, which will damage 
building materials, eg concrete, in which the material 
40 to be treated might be contained or promote a run- 
away reaction with uncorroded metals, eg any mag- 
nesium present 

The actinide(s), fission product(s), heavy metals 
and compounds thereof may dissolve in the aqueous 
45 medium as a carbonate compound as well as in the 
form of a complex: 

The complexing agent of Solution X may be se- 
lected from the anion of a carboxylic acid in the group 
consisting of citric acid, acetic acid, oxalic acid and 
50 EDTA (ethylenediamine tetracetic acid). 

The conditioning agent may comprise an oxidis- 
ing agent such as hydrogen peroxide, ozone, oxygen- 
enriched air or potassium permanganate, or a reduc- 
ing agent such as hydrazine or hydroxylamine. Hydro- 
55 gen peroxide is preferred. 

Desirably, the complexing agent is present in the 
said solution in a concentration in the range from 0.0001 
to 5 Mol dm especially 0.0005 to 0.1 Mol dm 
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Desirably, the said conditioning agent is present 

with the complexing agent and/or by the natural sol 
ub * jo the conditioned cation in tl ImSSJIS 

andt£ 127 6X r dUC6d by the hexing agent 
and the metal may facilitate the oxidation orreduction ,„ 
earned out by the conditioning agent ° rredUCt,0n 10 
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Jdahon of the plutonium by the conditioning aglm eg , . 
hydrogen peroxide, to a more soluble oxidation stete 
such as plutonium (IV). state> 
Although actinide dissolution by treatment of ac- 

«ZT 2. , P "° r art Such ^atment is essentially 20 
uranium from the soil. The prior art treatment 

of the present invention in that the prior art treaTmeS 
has been applied directly to the ground 25 
solutions ^employed in the prior art mining processes 

SSSTLT S,nCe • Un " ke S ° ,Uti0n * th «y a ' a un- 
suitable for the required dissolution 

oth« thT ber ° f maj ° r hazar *>"3 contaminants so 

dude oSLTT WhiCh mi9h ' be entered in! " 

at ^ neln "I? 8 SUCh SS plut0nium ' americium 
and neptunium. These elements have a ,h. ml . fc 
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contaminants can be dissolved by Solution X 5$ 
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washli w C ° mpriSin9 S ° ,,Jtion Xan < »"e soil to be 
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contact between the particles of the soil and the aou ^ 
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torn ttrse 6 C ° ntinUOUS,y " int ° and — ~ 
Actinides contained in the dissolved contami- 
from the" deSirab,y reC ° Vered in eonoSLSSS 

The recovery may be by one of the known meth 

may be re-used, eg by recirculation, in the so^s£ 
<ng process, individual actinides recovered TthL 
manner described may be further sepSated £ 
known selective separation techniques V 
from If co " tamin ant concentrate residue obtained 
from the above processes after separation °of S? 
mdes may be disposed of in a manner suitable for the 

typeofcontaminantinvolved. Forexample whereti 6 
contaminants include fission product TiiTSSZ 
may be handled and disposed of by one of the met h! 
ods known for the disposal of high level or IntermedL 

m jss pf waste assocteted with 

sulaS „ o, F ° r 6 k amP ' e - the r6Sidue ma y be encap- 
sulated , n glass by a known vitrification technique 

^; e T e,y With ' n 8 radiatfon - *** sfru * 
ture eg made of concrete. 

Actinide separation and residue vitrification proc- 

maiiy. rt will be re-transported to the site from which 
« was excavated and allowed to be nalaid. Care SJ 

Tted s G rfo :r inate the so " by m ™ s. 

treated soil. In many cases the state of the treats c«ii 

Examplel Soil from the land adjacent to a nucla 

KT?? Pr0CeSSin9 faC,,i,y whfch 'and i° contam- 
inated wrth actinides and fission products is teaZ 

^ZwlTI 69 and fission p^^TS 

rnnfo^:^^/'. 7 m,nated sofl is separated from un- 
caniaminated soil by excavation and is boxad anH 

mOSL- m ^^"ate. sodium citrate (0 1M 
concentration as a typical example) and H 2 o! OiiJ 
as a fyp,cal example, is continuously spray^t an ^ 

fsa; 0 weTr tare ? verthetopsurfa "^ 

<s allowed to percolate through the soil to a collecting 
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trough below, where It is collected. The collected sol- 
ution is transferred to an ion exchange plant where 
the actinide and fission product complexes are held. 
The actinides can subsequently be recovered from 
the resin in a known way, eg by addition of a solution 
of nitric acid which redissolves the captured acti- 
nides. The washed soil is allowed to dry by evapora- 
tion and is then reboxed and re transported to the site 
from which it came, the treated soil being segregated 
from further untreated soil. 

Example 2 Soil contaminated with actinides es- 
pecially Pu, Am and Np and fission products is trans- 
ported to a treatment plant as in Example 1. At the 
treatment plant the soil is formed into a slurry by mix- 
ture in a mixing vessel with the same Solution X sol- 
ution as employed in Example 1. The slurry is then 
stirred for one hour after which the excess liquid is 
drained from the vessel and the remainder of the sol- 
ution containing the dissolved contaminants is sepa- 
rated from the slurry by filtration. The contaminants 
are subsequently recovered from the solution con- 
taining them by floe treatment. The hazardous resi- 
due separated by the floe treatment process is en- 
capsulated and transported to a repository. The 
washed soil is returned to its original site as in Exam- 
ple 1. 

Example 3 Soil from the land adjacent to an in- 
dustrial plant contaminated with non-radioactive but 
toxic heavy metal, eg chromium and/or lead and/or 
cadmium and/or mercury is separated from unconta- 
minated soil and then transported to a treatment site 
and treated as in Example 1 or 2. The resulting soil af- 
ter washing, separation of the treatment solution and 
drying is subsequently returned to the site from its 
original site. 

Example 4 In order to demonstrate the effect of 
the combination of the ingredients in the three- 
component solution comprising Solution X as defined 
above in a process embodying the present invention 
samples of a soil sludge containing solid actinide con- 
taminants were treated in turn in a glove box with 
samples of three test solutions as follows: 

Solution A: an aqueous solution containing 
0.005M sodium citrate; 0.89M H 2 0 2 and carbon diox- 
ide bubbled in the solution to saturation; 

Solution B: an aqueous solution containing 
0.005M sodium citrate; plus carbon dioxide bubbled in 
the solution to saturation; 

Solution C: an aqueous solution containing 
0.89M H2O2 plus carbon dioxide bubbled into the sol- 
ution to saturation. 

After contact of the sludge sample with Solution 
A at ambient temperature for 72 hours the following 
percentages of uranium, plutonium, americium, mag- 
nesium antimony and caesium (all present in the orig- 
inal sludge) were found to have been dissolved by the 
solution: 98, 93. 87, 100, 100, 99 respectively (all per- 
centages may be raised to 100 by increasing the con- 



tact time and/or the citrate concentration). 

After contact of the sludge sample with Solution 
B at ambient temperature for 72 hours the dissolution 
percentages of U, Pu, Am, Mg, Sb and Cs were found 
to be 70, 62, 76, 100, 94, 62 respectively. 

This demonstrates the surprising effectiveness 
of the three part citrate/H 2 02/C0 2 solution as com- 
pared with solutions containing only two out of three 
of these ingredients for treatment of contaminated 
soils especially forthe dissolution of Pu and Am which 
are especially hazardous elements if encountered in 
land remediation work. 



Claims 



1. A process for the treatment of material which is 
or is suspected to be contaminated with one or 
more actinides or their radioactive decay prod- 
20 ucts or fission products or other heavy metals or 

compounds thereof, which process includes con- 
tacting the said material with a liquid medium 
which comprises a solution as follows: 

an aqueous solution which is free of heavy 
25 metal ions prior to use thereof and comprises in- 

gredients which are naturally degradable to non- 
toxic products with or without mild physical assis- 
tance such as heat or ultra-violet radiation, said 
solution comprising: 
30 (a) carbonated water, 

(b) a conditioning agent; 
and (c) a complexing agent which comprises 
the anion of a carboxylic acid having from 2 to 
6 carbon atoms; 
35 wherein the said process is for soil treatment for 

land remediation and includes the steps of re- 
moving soil from a site of contamination or sus- 
pected contamination, transporting the soil to a 
treatment site and washing the soil with the said 
40 liquid medium thereby dissolving contaminants 

as complexes in said liquid medium. 

2. A process as in claim 1 and wherein the condi- 
tioning agent is selected from hydrogen peroxide, 

45 ozone, oxygen-enriched air, potassium perman- 

ganate, hydrazine and hydroxylamine. 

3. A process as in claim 1 or claim 2 and wherein the 
complexing agent is an anion of a carboxylic acid 

50 selected from citric acid, acetic acid, oxalic acid 

and ethylenediamine tetracetic acid. 

4. A process as in claim 1 and wherein the condi- 
tioning agent comprises an anion of citric acid 

55 and is present in a concentration of 0.0005 to 0.05 

Mol dm -3 and the conditioning agent comprises 
hydrogen peroxide and is present in a concentra- 
tion of from 0.01 Molar to 3 Molar. 
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5. A process as in any one of the preceding claims 
and wherein the pH of the solution comprising 
the liquid medium is in the range 5 to 1 3. 

6. A process as in any one of the preceding claims s 
and wherein the process is carried out at a tem- 
perature of less than 35°C. 

7. A process as in any one of the preceding claims 

and wherein the aqueous medium and the soil to 10 
be washed are mixed together by a stirring or 
churning action in a mixer to permit intimate con- 
tact between the particles of the soil and the aqu- 
eous medium whereby the contaminants are 
washed into the solution comprising the aqueous is 
medium and the aqueous medium containing the 
contaminants is separated from the soil by a sep- 
aration process. 

8. A process as in any one of claims 1 to 6 and 20 
wherein the aqueous medium is percolated 
through the soil, the contaminants are washed 

Into the solution comprising the aqueous medium 
and the aqueous medium containing the contam- 
inants is separated from the soil by a separation 25 
process. 

9. A process as in claim 7 or claim 8 and wherein ac- 
tinides contained in the aqueous medium are re- 
covered in concentrated form from the aqueous 30 
medium after separation therefrom of the wash- 
ed soil. 

10. A process as in any one of the preceding claims 

and wherein the soil separated from the liquid 35 
medium is re-transported to the site from which 
it was excavated. 
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A process for the treatment of material which 
is or is suspected to be contaminated with one 
or more actinides or their radioactive decay 
products or fission products or other heavy 
metals, eg chromium, lead, cadmium or mer- 
cury or compounds thereof, which process in- 
cludes contacting the said material with a liquid 
medium which comprises a solution as follows : 

an aqueous solution which is free of heavy 
metal ions prior to use thereof and comprises 
ingredients which are naturally degradable to 
non-toxic products with or without mild physi- 
cal assistance such as heat or ultra-violet radi- 
ation, said solution comprising : 

(a) carbonated water ; 

(b) a conditioning agent ; 

and (c) a complexing agent which comprises 
the anion of a carboxyiic acid having from 2 to 6 
carbon atoms ; 

wherein the said process is for soil treatment for 
land remediation and includes the steps of 
removing soil from a site of contamination or 
suspected contamination, transporting the soil 
to a treatment site and washing the soil with the 
said liquid medium thereby dissolving conta- 
minants as complexes in said liquid medium. 
The conditioning agent may be selected from 
hydrogen peroxide, ozone, oxygen-enriched 
air, potassium permanganate, hydrazine and 
hydroxylamine and the complexing agent may 
be an anion of a carboxyiic acid selected from 
citric acid, acetic acid, oxalic acid and 
ethylenediamine tetracetic add. 
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